ABSTRACT. We studied a case of failure in applying traditional ecological knowledge (TEK) in comanagement as the basis for formal hunting regulations. We based the study on the Porcupine Caribou (Rangifer tarandus) Herd "let the leaders pass" policy, established for the Dempster Highway of the Western Canadian Arctic, and identified conditions creating barriers in the successful application of TEK through comanagement. Stated as propositions, identified barriers include: (1) the context-specific nature of TEK limits its application in resource management regulations; (2) changes in traditional authority systems, hunting technology, and the social organization of harvesting caribou affect the effectiveness of TEK approaches in a contemporary social setting; (3) indigenous efforts toward self-government and political autonomy limit regional comanagement consensus in a heterogeneous cultural landscape; (4) the mismatch of agency enforcement of hunting regulations and TEK-based education is problematic. We analyzed the case through four historical phases of caribou management, complementing the study with a literature review of TEK and wildlife comanagement to explain why TEK integration of caribou leaders in regulatory resource management fell short of success. Identifying and understanding the social dynamics related to these barriers make apparent solutions for transforming the comanagement process.
INTRODUCTION
We identified conditions that create barriers to successful application of traditional ecological knowledge (TEK) in wildlife regulations through comanagement. Our analysis is based on a case study of regulating hunting to "let the caribou leaders pass" for the Porcupine Caribou Herd (PCH) along the Dempster Highway of northwestern Canada.
We use the term traditional ecological knowledge (TEK) instead of indigenous knowledge or local knowledge, despite ambiguous definitional issues, because it is more specific to indigenous people's knowledge of the land (Berkes 1993 (Berkes , 2012 . We define TEK as "a cumulative body of knowledge, practice, and belief, evolving by adaptive processes and handed down through generations by cultural transmission, about the relationship of living beings (including humans) with one another and with their environment" (Berkes 2008:7) . The term comanagement is defined in multiple ways, as reviewed by Carlsson and Berkes (2005) . Their review emphasized that comanagement has complexities, variations, and a dynamic nature that are not captured by most definitions. We chose to use Singleton's (1998) definition because it best reflects the ideals of comanagement in this case study: "governance systems that combine State control with local, decentralized decision making and accountability and which, ideally, combine the strengths and mitigate the weaknesses of each" (Singleton 1998:7) .
Caribou leaders and "letting the leaders pass"
My mama always tell us don't bother 'em. Let The notion of letting the caribou leaders pass originates in indigenous hunting tradition. Literature on TEK describing caribou (Rangifer tarandus) leaders, i.e., caribou that lead a group or herd of caribou, is sparsely documented for indigenous caribou hunting groups. Gubser (1961) describes caribou leaders in his early ethnography of Nunamiut Eskimo at Anaktuvuk Pass, Alaska. Porcupine Caribou hunters traditionally avoided shooting caribou leaders to ensure continued migration of caribou and caribou harvest throughout the fall hunting season Vuntut Gwitchin First Nation 1999, Smith and Cooley 2003) . Traditional hunting strategies of Inuit in the Northwest Territories show concern for deviating caribou movement from common migration routes. For example, Gunn et al. (1988) described that hunters were inconspicuous at water crossings until lead caribou crossed, so that following caribou would continue to swim across when hunters began to shoot. Similarly, Stewart et al. (2004) reported that hunters avoided butchering animals or disposing of bones near migration routes to avoid diverting caribou movement.
The tendency of a group to follow the first "leader" animal that leaves the herd is well documented for reindeer (Paine 1988 , Baskin 1989 . Ethnographic accounts of reindeer herding, such as those of the Saami of Fennoscandia, highlight herders' knowledge of herd leaders and their importance in directing the movements of groups of Rangifer (e.g., Paine 1994) . The identification and use of leader animals to facilitate herd management is central to the practice of reindeer herding (Baskin 1989) . Baskin and Hjalten (2001) described the tendency of a group of reindeer to run away following a leader, and herders consequently eliminating the most nervous animals to ease herd management. Additionally, herders used docile animals as decoys to lead a group of domestic reindeer to a new pasture, or a group of wild reindeer into ambush (Ingold 1986 ).
Few scientific studies have measured or systematically observed caribou leadership behavior (Miller et al. 1971 , Paine 1988 , Benn 2001 . There is, however, a growing body of literature on leadership behavior in various species, with potential applications to population management (Bailey et al. 1998 , McComb et al. 2001 , Rands et al. 2003 , Conradt and Roper 2005 , Couzin et al. http://www.ecologyandsociety.org/vol19/iss2/art7/ 2005 , Dumont et al. 2005 . Some have argued that the expanding human infrastructure has and/or will potentially have a negative effect on caribou (Nelleman et al. 2001) . Although scientific investigation of caribou leadership is important to understanding the impact of human infrastructure and related activities on caribou movement (Benn 2001, Smith and Cooley 2003) , leadership in caribou has not been measured with the scientific method. Authors have, however, described these gregarious animals as having wellestablished, learned migratory behavior with fidelity to calving grounds or crossing points (Dahle et al. 2008 , Kelsall 1968 . Caribou leaders could thus exist for migration purposes, and/or within temporary groups. When the Porcupine Caribou Management Board deliberated on how to address concerns about the effects of highway and harvesting caribou leaders, the body of scientific knowledge was limited.
Indigenous residents of Yukon and Northwest Territories rural communities have expressed concern that disturbing or shooting caribou leaders can cause caribou to redirect seasonal movements and abandon wintering areas in close proximity to communities (Benn 2001) . Similarly Smith and Cooley (2003) reported hunters' predictions of caribou reactions to roadside disturbances. Hunters in their study based their answers on their own interactions with caribou. They found that "taking the leaders" was a predictor of how caribou react to human disruption. Participants in the study mentioned caribou leaders when talking about the location of caribou killed in a group. Respondents in that study described types of caribou leaders, including individuals or groups of animals with different behavioral roles in the herd, e.g., steering migrating groups or detecting danger.
The practice of letting the leaders pass is still supported by many northern caribou subsistence communities and some indigenous hunters, and elders have brought the concept of caribou leaders to the forefront of management discussions (e.g., PCMB 1995, Alaska Department of Fish and Game 2005). "Caribou leaders," however, are not easily defined as one particular sex or age class. Instead, "leaders" is a flexible term used in ways directly applicable to hunting traditions, and is therefore highly dependent on socialecological context (Padilla 2010) . As discovered in this study, creating a formal hunting regulation based on this traditional practice is a challenge.
Managing resources with TEK
Many authors have argued that incorporating TEK into resource managers' decision making can increase resource management effectiveness (e.g., Stevenson 1996 , Houck 2003 , Folke 2004 , Berkes and Turner 2006 ). Early frames of "systems of knowledge" were typically dichotomized, i.e., western vs. traditional knowledge, with the opportunities for integration simplistically described. In application, several comanagement bodies of Canada were established in the late 1970s and onward to involve indigenous resource users in the wildlife management process, with some arrangements explicitly recognizing the legitimacy of local and traditional knowledge (Houde 2007) . Subsequent analyses have offered more nuanced descriptions of the complexities of the process and its political underpinnings (e.g., Morrow and Hensel 1992 , Huntington 2005 , Kofinas 2005 , Parlee et al. 2005 , Berkes 2012 . Reframing the discussion on TEK to social learning, Berkes (2008) described traditional knowledge and resource management as processes of "trial and error" and "learning by doing," while managing for the unknown. The recognition of multiple sources of knowledge in management indicates the potential for resource users, managers, and scientists to work together in an adaptive comanagement system for more holistic understanding and robust policies (Kendrick 2003 , Armitage et al. 2007 . Moving from theoretical speculation to application raises the question of if, when, and how traditional knowledge can contribute to wildlife management. This paper helps to address that question through a study of the use of TEK in formal wildlife regulations and its implementation through a comanagement process.
In 1986, the Canadian Federal Government established the Porcupine Caribou Management Board (PCMB), through the Porcupine Caribou Management Agreement (PCMA; Government of Canada et al. 1985) signed by the Yukon Territorial Government, the Government of Northwest Territories (NWT), and First Nations of the region (Peter and Urquhart 1991, Kofinas 1998) . The terms of the agreement state that the board is advisory through recommendations to government ministers. Although the authority of the board is therefore limited, elected officials and agencies have deferred to the board's recommendation because of its broad representation and role as a communication and coordination body (Kofinas 1998) . The creation of the agreement and its board were an effort to link local-level authority systems with higher level processes of decision making and more effectively achieve regional consensus on caribou management decisions (Kofinas 2005 (Page 1986 ), a range of wildlife management issues was of concern to both government officials and hunters, including safety over hunting from the Dempster Highway because of easy access, the potential abandonment of traditional hunting practices through highway hunting with trucks, and disturbance to the herd. Among the concerns was the worry that highway hunting was causing a deflection of the caribou herd migration from wintering grounds east of the highway, thus making caribou unavailable to local hunters of Northwest Territories and Yukon. Based on a recommendation from the local Tetlit Gwich'in Renewable Resource Council of Fort McPherson, NWT to the PCMB in 1994, TEK was later used by Yukon and Northwest Territorial Governments as the basis of hunting closures along the highway to let the leaders of the caribou herd pass (PCMB 2000) . The absence of science-based recommendations on caribou leaders and the complete reliance on TEK as the basis for the hunting regulation set this hunting closure apart from the other hunting regulations.
Exploring comanagement dynamics of "letting the caribou leaders pass" Achieving effective comanagement is a collective-action problem among stakeholders, including government agencies. Understanding the dynamics of the comanagement process for the let the leaders pass regulation suggests the need to consider the costs and benefits of various actors at various scales, from the individual hunter to communities, to First Nations, and territorial and federal governments, as well as the historical context from which the regulation emerged. As noted by several previous studies, comanagement is typically no panacea (Caulfield 1997 , Kofinas http://www.ecologyandsociety.org/vol19/iss2/art7/ 1998 , Nadasdy 2003a , Caulfield et al. 2004 , Natcher et al. 2005 . Despite early theoretical hopes of a northern wildlife comanagement leading to more effective resource management (e.g., Osherenko 1988 , Usher 1986 , the political conflicts of comanagement have in some cases led to significant problems (e.g., Nadasdy 2003a). Suggested in all these case studies is that the actions and reactions of governments, scientists, local community leaders, and hunters at different scales are a key consideration in the analysis of emergent comanagement challenges.
The let the leaders pass policy implementation differed in Yukon Territory from Northwest Territories, where it was not formally enforced. Our focus in this paper is on the Yukon Territory's implementation of the hunting regulation established in 2000, and its eventual rejection by the Department of Justice Canada after it was challenged by a Dawson City First Nation hunter in 2007. Table 1 shows how since its first meeting in 1986, the PCMB engaged in an ongoing process of board-level discussions, community consultations, media coverage, and workshops to address and reassess problems associated with Dempster Highway hunting, and ultimately proposed let the leaders pass hunting regulations.
We explored the case through a historical analysis of Dempster Highway hunting issues, dividing the events into four time periods or phases. These include:
. [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] We describe the social-political context of indigenous caribou hunting management from the early traditional authority system to the recent PCMB comanagement arrangement, and identified barriers that prevented successful application of TEK into regulatory wildlife management. Stated as middle-range propositions, these barriers include: (1) the context-specific nature of TEK limits its application in resource management regulations; (2) changes in traditional authority systems, hunting technology, and the social organization of harvesting caribou affect the effectiveness of TEK approaches in a contemporary social setting; (3) indigenous efforts toward self-government and political autonomy limit regional comanagement consensus in a heterogeneous cultural landscape; (4) the mismatch of agency enforcement of hunting regulations and TEK-based education is problematic. Our analysis is complemented with a literature review of TEK and wildlife comanagement to explain why TEK integration of caribou leaders in regulatory resource management fell short of success.
METHODS

Case study research
We used a single case study approach to analyze the let the leaders pass policy. As defined by Yin (2009:18) , a case study is "an empirical inquiry that investigates a contemporary phenomenon in depth and within its real-life context, especially when the boundaries between phenomenon and context are not clearly evident," and can provide insight into specific complex phenomena where experiential research and controlled variables are not possible. Several researchers in the past have used single case studies to assess the effectiveness of integrating TEK in government-led resource management (e.g., Richard and Pike 1993 , Taiepa et al. 1997 , Kendrick 2003 , Nadasdy 2003a , Berkes 2008 . Pinkerton (1989) elucidated the conditions for successful comanagement in her seminal analysis and other studies (Pinkerton 1994 (Pinkerton , 2009 . She argued that identifying the nature of barriers and ways to overcome them in smaller scale case studies of comanagement implementation is a valuable method of analysis that can contribute to broader understanding of comanagement systems (Pinkerton 1999) . Similar to Light et al. 's (1995) historical account of the Everglades, we use a "thick description" (Geertz 1973) to present data or key events relevant to the case study. We follow Pinkerton's grounded-theory approach to studying comanagement (Glaser and Strauss 1967, Strauss 1987) to identify barriers to implementing TEK-based hunting regulations through comanagement. Because of the use of the single case study approach, we note from the outset that there are inherent limitations in drawing broader generalizations about the phenomena. This suggests a need to test our four propositions in other wildlife comanagement contexts.
Sources of evidence and historical account
We studied the case of indigenous caribou hunting from the Dempster Highway using multiple sources of evidence and where possible, sought to triangulate evidence to confirm factual information (see Table 2 ). Research for the case study was conducted through two projects, with findings from both integrated in this analysis. The first was a Man and the Biosphere Reserve/National Science Foundation funded project (Kofinas 1998) , which examined the cost of power sharing in comanagement. The second was the Master's thesis research of Padilla (2010) , which focused on local hunters' definitions of caribou leaders and their perspectives on Dempster Highway hunting regulations. The former offered a foundational understanding of PCH comanagement and insight into historical events surrounding the let the leaders pass policy. The Kofinas study involved extensive archival research, three years of participant observation in caribou user communities, and participant observation at ten PCMB board meetings from 1992 to 1997, including one in 1995 when let the leaders pass idea was first presented to the PCMB as a proposal by an indigenous leader. This project included unstructured interviews with key respondents, including all PCMB members and many community leaders, and over 220 structured interviews with PCH users from communities, as well as focus group research with Fort McPherson hunters about the Dempster highway hunting. In addition, Kofinas attended several PCMB organized workshops focused on the Dempster highway hunting problem. Padilla's research on caribou leaders and highway hunting provided a more contemporary account of events and perspectives during the final period when the let the leaders pass policy was enforced and then rejected. Interviews on caribou leaders and hunting were conducted in three First Nation communities in the Canadian Yukon and Northwest Territories that are among the primary users of Porcupine Caribou. (Kofinas 1998) . Although Dawson harvests caribou, the community is more dependent on moose. Of the 29 interviews with PCH hunters and elders conducted during summer 2006, 9 were completed in Dawson City, 11 in Fort McPherson, and 9 in Old Crow. In each community we hired and worked with a local assistant, who worked with the local First Nation, or renewable resource council to select interviewees. All respondents from these communities were members of the local First Nation. Both younger and older hunters were selected to capture changing knowledge (Stevenson 1996) but also to capture a wider space/ time scale (Ferguson and Messier 1997) . Local organizations advertised this study of caribou leaders for several weeks before our arrival to inform the community about the project. Local assistants contacted specific respondents informally to ask for their participation in interviews shortly before they were conducted. We interviewed 5 women and 24 men. Their ages ranged from 42 to 91 years of age, with 16 being elders. We called the rest of the respondents "younger hunters."
Interviews on caribou leaders and hunters were semistructured and most questions were open-ended to allow subjects the freedom to respond with detailed information and anecdotal personal accounts (Huntington 2000, Perecman and Curran 2006) . Interviews were constructed around the assumption that traditional knowledge is rooted in local cultural contexts and arises from long-term interactions between people and resources (Folke 2004 , Berkes 2008 . We audio-recorded all interviews and transcribed their scripts entirely. We used HyperRESEARCH TM coding software for qualitative analysis and a content analysis protocol through open coding. Open coding provided the basis for arriving at categories of responses that were captured as quotes within each interview.
Together the research findings of the Kofinas and Padilla projects provided a uniquely rich source of evidence for understanding the historic and multiscale transactions associated with Dempster Highway caribou hunting and the nature of the failed let the leaders pass policy.
Historical analysis of phases of management and identification of barriers
Several research questions guided our identification and review of the four phases of caribou management. They include who managed for indigenous caribou hunting, what the management strategies were and their implementation, when, and for how long? Through extensive archival research and key informant http://www.ecologyandsociety.org/vol19/iss2/art7/ interviews, we reconstructed historic events by reviewing printed media communications, accessing internal agency and board memos, and coding comanagement board minutes and other documentation. We describe the management strategy under which the let the leaders pass policy was implemented and why it was no longer enforced. Throughout the account, we describe the relevant interactions between different levels of government, communities, and hunters. This factual account served to illustrate the context that led to the struggle of interests between the comanagement body, government agencies, communities, resource users, and stakeholders' cultural values and management approaches.
We identified barriers by classifying conditions from the historical account under general themes, e.g., worldview aspects of traditional knowledge, problems of scale, institutional dynamics, social characteristics, etc., that we based on a review of a wide range of literature, including but not limited to writings on traditional knowledge and comanagement. We identified comments and themes from the formal interviews to illustrate the discussion. We then grouped these themes and conditions to generate aforementioned "barriers" specific to the case. We later shared these barriers with key respondents, and modified them based on their review. A detailed presentation of the interview analysis to identify caribou leaders can be found in Padilla (2010) .
RESULTS
Historical phases of Dempster Highway hunting issues and management
Phase one: traditional hunting (precontact to 1950s) Slobodin (1962) , McClellan (1987) , Frank and Frank (1995) , Kofinas (1998) , and others have described the local system of caribou management for PCH user communities, including informal institutional arrangements shaping community decision making related to hunting. From precontact with westerners to the mid-1900s, hunting commonly occurred as community hunts under the direction of a chief or leader (Slobodin 1962) . Before the adoption of the rifle, people used "caribou surrounds" or fences to direct herds into harvest areas, with family groups working cooperatively to achieve a successful hunt (Warbelow et al. 1975, Greer and LeBlanc 1992) . Hunting caribou successfully was a matter of survival during precontact, demanding that the community members work cooperatively to intercept, kill, butcher, and distribute caribou meat. Old stories, as reported by Gwich'in elders, tell how caribou and people were one and the same during "the time before there was time," and after separation, caribou gave themselves to hunters as gifts, with each partner fulfilling a set of obligations to care for the other (Slobodin 1981 , Kofinas 1998 . From these understandings of human-environment relations derived norms for respectful behavior toward animals such as proper methods of hunting, obligations of sharing the harvest with others, and sanctions against disrespect or wastage of meat (Sherry and Vuntut Gwitchin First Nation 1999 The traditional organization of hunting caribou described by these elders illustrates how leadership and social controls on hunting behavior were linked and coordinated. Caribou hunting later became a more individualized activity. Although small group hunts are still common, the community hunt under the leadership of a skilled "boss" became an anomalous means of harvesting, and the role of the hunting leader in overseeing group hunting mostly disappeared.
Phase two: precomanagement: Dempster Highway construction to completion and signing of the Canadian PCMA (1960s-1985 In 1959 The indirect effects of the highway and hunting on the highway posed the greatest concern. Early scientific studies investigated the impact of the highway and traffic on caribou migration, but found little to no evidence of disturbance (Dempster Highway Working Group 1978) . In contrast, a panel of biologists convened by the Canadian Federal Government predicted that increased access and hunting from the Dempster Highway would reduce PCH size by 30 to 40% (Alaska Highway Pipeline Panel 1979). Articles from the local media in the mid to late 1970s also warned of the impact of Dempster Highway hunting on caribou, with headlines such as "Highway could deplete herd" (Fraser 1976 ) or suggestions such as "Improper management of the area could result in the herd's extinction, according to many experts" (Renaud 1978) . The concerns regarding the future of the PCH were also elevated to a national and international level through the highly publicized Mackenzie Valley environmental impact assessment chaired by Judge Thomas Berger ("The Berger Inquiry"). The impact assessment and its community hearings captured the attention of many Canadians and brought a heightened awareness of the PCH and the potential impacts of Dempster Highway hunting (Berger 1977) .
Lack of consultation with indigenous hunters characterized pre comanagement. For example, the Chief of Fort McPherson during the final construction phase of the highway reported to Kofinas that his community only learned about the plans for highway construction indirectly. When the community's leadership was told by government that the highway would be constructed, it stated that it would be "giving the people a road." He and other elders in the community reported that most people in the community had little idea of the implications of a road and community leadership had no say in its construction or routing.
Until 1985, the territorial government of the Yukon Territory was responsible for regulating hunting and based wildlife management decisions primarily on scientific studies (McCandless 1985) . The paradigm of state-controlled wildlife management and the dismissal of indigenous knowledge was evident in internal Yukon government memorandums between the director and assistant director of wildlife (18 July 1977: Appendix 2, 6 July 1978: Appendix 3). In 1978, the Yukon Government's Department of Renewable Resources formed a Dempster Highway committee to assist in coordination of the PCH management. Its jurisdiction only extended to nonindigenous hunters, unless the species was declared as endangered. A particular focus of the committee was finding ways to limit indigenous hunting because these users constituted the majority of caribou harvesters. Indigenous hunters shifted their perspective about whether formal regulations were applicable to them. After an abnormal calving year reported in 1977, continued predictions of a declining population sensitive to subtle increases in harvest, and observations of changes in the migration route, biologists urged for a closure of the road to hunting (18 January 1978: Appendix 4, 17 June 1977: Appendix 5). Their recommendations to government led to establishment of a 16 km no-hunting corridor along the highway (1978). The restrictive corridor had the desired impact as hunting dramatically decreased in subsequent years, partly through compliance of indigenous hunters who perceived that the regulation superseded constitutionally based aboriginal hunting rights. However, from 1981, the general perception changed to view the corridor hunting restrictions as legally not http://www.ecologyandsociety.org/vol19/iss2/art7/ applicable to indigenous people, and caribou hunting from the Dempster Highway again increased in the Fort McPherson area. The hunting corridor was then decreased to 2 km, causing indigenous harvest in the southern portion of the Dempster Highway to increase. These multiple changes in no-hunting corridor policy were the first of continuous changes in hunting management from then onward.
Preferential consideration for opinions voiced by residents of Old Crow, an off-road community that is highly dependent on PCH, may have set the stage for increased intercommunity conflict through new efforts at range-wide caribou management. Residents of Old Crow echoed biologists' concerns over hunting caribou on the highway. Old Crow's location in Yukon Territory gave it a political advantage over non-Yukon PCH user communities, such as Fort McPherson. Government agencies perceived communities in Yukon Territory as having little to no impact on the caribou population because of their smaller human population and more traditional style of harvesting, i.e., not road hunting, as evidenced in internal agency memoranda (Appendix 6). The commissioner to the Yukon Territory, head of the government at that time, along with other government officials, sided with Old Crow community concerns in a memorandum to the Chairman of the Council for Yukon Indians (8 March 1977), stating "We believe that the general consensus in Old Crow is that all hunting [from the Dempster Highway] be stopped and it is our conviction that these people [Vuntut Gwitchin of Old Crow] are most closely tied to the Porcupine Caribou population" (Appendix A.1). In contrast, increasingly publicized issues of unethical hunting and stories of caribou slaughter by Fort McPherson hunters in the media tainted the image of Northwest Territories hunters throughout the 1980s. Decades later, some residents of Yukon communities still hold this perception.
The Berger Inquiry and others suggested that regional solutions to PCH management be considered. In 1983, a wildlife advisory committee meeting proposed a range-wide management plan to increase cooperation with indigenous hunters and establish harvest quotas. After years of negotiation, Yukon Territorial Government, the Government of NWT, and First Nations of the region (Peter and Urquhart 1991, Kofinas 1998 ) signed the formal Porcupine Caribou Management Agreement (PCMA) in 1985. The Canadian PCMA, like other formal comanagement agreements of its time, was signed to provide shared authority between indigenous user groups and government agencies in decision making (Houde 2007 , Pinkerton 1989 , Armitage et al. 2007 , Kofinas 2009 ). As a part of the agreement, the PCMB was established.
Phase three: caribou comanagement through the PCMB (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) One of the PCMB's primary goals, as stated in the agreement, is to "cooperatively manage to ensure conservation of the PCH with the view to ensure continued subsistence usage" (PCMA 1985) . According to government negotiators of the agreement, the PCMB was established in large part to address the Dempster Highway hunting management issue (Government of Canada et al. 1985 , Kofinas 1998 , Kofinas et al. 2000 , and created during a period of wildlife management devolution across the North (Usher 1986 ). With its representatives of First Nations of Yukon Territory and Northwest Territories, the Inuvialuit, nonindigenous users, two territorial governments, and federal government, the comanagement board grappled with problems associated with the Dempster Highway from the time of the board's inception. Since the Canadian Porcupine Caribou comanagement arrangement was established, conflicts between government agencies and communities reduced. However, Yukon communities, perceived as "more traditional" and having low impact on the PCH, and Northwest Territories communities on the highway perceived as hunting unethically, became increasingly polarized. Intercommunity conflicts about Dempster Highway hunting increased as groups sought to jointly manage caribou hunting.
Cumulative impacts on caribou migration of human activities along roads continued to be of concern to scientists (Wolfe et al. 2000) . However, the PCH had not suffered the drastic decline predicted in 1979, despite highway hunting. Instead the herd grew until its population peaked in 1989 with 178,000 caribou (PCMB 2010). Population-level effects related to hunting were supplanted with the greater concern on displacement of caribou from winter grounds due to highway hunting disturbance (PCMB 1995 , Smith and Cooley 2003 .
Hunter education efforts at the local level brought only limited success. An original member of the PCMB, who was also an elder and the traditional chief of Fort McPherson, took a leading role in addressing unethical Dempster Highway hunting at the local level by patrolling the highway, talking with hunters, and cleaning unsightly kill sites. The effectiveness of his efforts in the new context of post-traditional, individualistic highway hunting was, however, self-reported as limited (phase three). In addition to these initiatives, the PCMB also produced and distributed a video on the problems of Dempster Highway hunting to residents of local user communities, in an effort to increase public awareness and find a solution.
Since the PCMB's creation, recommendations for addressing Dempster Highway issues have sought to strike a balance between hunter compliance, representation of traditional knowledge, and protection of the caribou herd, producing several modifications in formal policy. Two major sets of recommendations were implemented by the Yukon Government and enforced on indigenous hunters in 1990. Snow machine, i.e. snowmobile, access was permitted for indigenous hunters beginning 1 November, and a 2 km no-hunting corridor was implemented. In spite of ongoing efforts to address Dempster Highway issues, conflict over unethical hunting practices and lack of consensus among indigenous hunters persisted.
Phase four: comanaging caribou hunting with traditional knowledge in a new political context (1995-2009)
The "let the leaders pass" proposal came forward in 1995, at a time when the idea of integrating TEK with the comanagement was gaining international popularity as a solution for complex resource management problems (Berkes 1993 , Inglis 1993 , Stevenson 1996 . After local deliberations by community elders, hunters, and leaders, the Tetlit Gwich'in Renewable Resource Council, i.e., local renewable resource council of Fort McPherson, sent a representative to the PCMB at its spring meeting, requesting that the board implement a closure of highway hunting upon the first arrival of caribou each fall. The local council representative explained that the basis of the proposed closure was his elders' traditional knowledge of not disturbing leaders of the caribou http://www.ecologyandsociety.org/vol19/iss2/art7/ herd during its migration. This reference was the first time some nonindigenous members of the board had heard of the traditional rule, which generated backstage discussions among those board members about the significance of making policy based on TEK not backed by science.
As a follow up later in 1995, the PCMB organized a "Dempster Highway Workshop" with Fort McPherson hunters and elders and government employed resource managers. The workshop report noted that because science-based wildlife studies on caribou leaders and Dempster Highway impacts on herd migrations were both costly and not available, the TEK of indigenous elders should therefore be used as the basis of decision making (PCMB 1995) . At a subsequent meeting, the PCMB endorsed the Tetlit Gwich'in Renewable Resource Council's alternative management approach and recommended the let the leaders pass closure to government ministers. The Yukon Territory Government, in turn, put the closure into law. The oneweek hunting closure was initially applied to the entire length of the Dempster Highway and later separated into two different closure periods to correspond with different north and south migration timing (PCMB 2006) . The PCMB and the partner management agencies had hoped the let the leaders pass regulation would be embraced by local hunters because it was conveyed to the board as a traditional practice. The formal regulation was formulated as a one-week closure, with dates determined to match the time when caribou first migrate near the highway and ensure the caribou leaders would have time to pass.
Local perspectives on the number, sex, and ages of caribou leaders needed to let the leaders pass, however, was not well defined (Smith and Cooley 2003, Padilla 2010) . In interviews local hunters expressed differing opinions about the idea of a closure, with some recommending a longer closure, of up to a month long, while others preferred to use individual judgment as to whether leaders had already passed and not be subjected to a closure (Padilla 2010) . In addition, in a 2006 review of Dempster Highway regulations initiated by the PCMB, the Yukon Minister of Environment received mixed support from affected Yukon Territory and Inuvialuit communities for a proposed second hunting closure (PCMB 2007) .
During the 22-24 September 2007 PCMB meeting, the PCMB Chair noted that honoring elders' concern for protecting caribou leaders was a priority. The PCMB emphasized the notion of respectful hunting in its media and education outreach (See Fig.  1 ). Interviews with elders and hunters suggested intergenerational differences in perceptions, with elders expressing dissatisfaction over modern hunting practices, while younger hunters reported that they hunted according to their elders' teachings.
Despite general support for the regulation, the actions of one First Nation resident from one community challenged and ultimately discontinued the regionally implemented regulation. In September 2007, a "stay of proceedings" against a Tr'ondëk Hwëch'in (Dawson) First Nation's member ended enforcement of the one-week closure to let the leaders pass. This younger hunter who violated the hunting closure was charged by wildlife officers and announced his intent to contest his case in court. During the interview we conducted with him, he explained his dissatisfaction with the regulation as an infringement on his indigenous hunting rights, asserting that consultation done to formulate the new regulation did not adequately recognize traditional knowledge of his Dawson First Nation members. Out of nine elders and hunters we interviewed in Dawson, three hunters said that the hunting closure did not match their elders' teachings, and another four elders and hunters were in partial disagreement with letting the leaders pass. Based on these interviews and informal discussions with PCMB representatives, there was at least partial support for this Dawson member's case in the community. After assessing the likelihood of successfully defending the new regulation and before the case went to court, the Canadian Department of Justice recommended a "voluntary compliance" approach, rather than enforcement of a formal hunting regulation. In September 2007, the Yukon Territory Minister of Environment announced to the PCMB they would not enforce the one-week closure and the no-hunting corridor until further consultation established consensus between all affected parties. The let the leaders pass initiative sharply contrasted the approach used by regional governments before the comanagement board Ecology and Society 19(2): 7 http://www.ecologyandsociety.org/vol19/iss2/art7/ was created. It was less top-down and less restrictive for hunters compared to the loss of indigenous hunting rights envisioned by some government agency officials of the pre-PCMB period. However, enforcement of the TEK-based rule was superseded by an assertion of an individual's right to hunt and was discontinued.
During the September 2007 meeting, the PCMB discussed the legal challenges that had undermined the formal let the leaders pass regulation in Yukon Territory and endorsed voluntary compliance. This shift suggested that emergence of greater First Nations' political autonomy would necessitate in a new role for the comanagement organizations in the future, focusing more on facilitation rather than making recommendations about specific regulations from the board to government ministers. In subsequent efforts to develop a harvest management strategy, the PCMB strived to put a greater emphasis on achieving full consensus of parties (PCMB 2010).
DISCUSSION
Barriers in using TEK-based hunting regulations in comanagement
The efforts of the PCMB to experiment and learn from its experience with the Dempster Highway hunting issues demonstrate how comanagement is a process of trial and error problem solving, and how in the process of integrating knowledge systems in comanagement, the use of TEK can encounter significant barriers. Although comanagement in some cases brings scientists, locals, and managers together for shared decision making (Osherenko 1988 , Armitage et al. 2007 , Berkes and Berkes 2009 , combining knowledge systems is a challenging practice (Kofinas 2005 , Nadasdy 2003b , Natcher et al. 2005 , Clark et al. 2010 , Berkes 2012 . We identify barriers that prevented the lasting implementation of a traditional knowledge-based regulation. This list of barriers is not all-inclusive and some of their elements overlap, but we argue they are the most important and their identification and study may help to inform future comanagement enterprises in becoming more effective.
The context-specific nature of TEK limits its application in resource management regulations TEK and traditional hunting practice are not only concerned with facts and observations about the environment, but also with how people relate to each other, and how they should behave in society and their environment (Collings 1997 , Natcher et al. 2005 , Berkes 2012 ). Conventional resource management has in some cases failed to recognize the social, cultural, and worldview dimensions of TEK (Nadasdy 1999 , Natcher et al. 2005 . The concept of caribou leaders likely arose based on hunters' long-term observations to ensure the availability of caribou to harvest and increase chances of human survival. In addition, the notion of letting caribou leaders pass is part of the human-environment relations derived norms for respectful hunting behavior, central to the worldview of PCH indigenous hunters (see phase one).
The different components of TEK, such as social norms and spiritual aspects, cannot be separated from what is perceived as "factual" information, as it strips TEK of its meaning (Wilson 1996 , Cruikshank 1998 , Houde 2007 . The literature shows that TEK is locally restrictive and in most cases does not apply outside of that locality (Antweiler 1998 , Cruikshank 1998 . For example Cruikshank's (1998) study of oral traditions illustrated how elders' stories and the knowledge they convey are highly individual. Moreover, TEK directly relates to resource use practice, and can vary widely between social groups, time, and place (Berkes et al. 2000) . As explained in phase four, interviews with Dawson hunters indicated a perception that the formal oneweek closure regulation poorly matched the traditional notion of caribou leaders because it was not practical in the new context of highway hunting. Investigating the traditional meaning of caribou leader through interviews with elders and hunters, we found that caribou leaders, a highly context-dependent term, were described through individual hunting experiences, in the context of traditional community hunts, and on a local scale, varying with time in caribou migration, location, ecological context, political context, and hunting experience, including the status of the person interviewed (Padilla 2010) . With such varying concepts of caribou leaders, it was challenging to create one locally endorsed and cohesive regulation across a vast region (Smith and Cooley 2003) . The following respondents perceive differences in traditional knowledge practice and education between indigenous hunters in the Porcupine Herd region.
You can't paint every First Nation with the same brush. This First Nation here, it'll say it is very good. We've got no one around here that hunts like that. (Dawson respondent)
People you interview, they will probably interview different from me because we learn from our people, sometime our dad, our grandfather. I go in the mountain with them and they tell story about animals and I do something, I shoot caribou. (Fort McPherson respondent) For some community members, the regulation appeared inconsistent with the stories they heard from their elders or their personal experience hunting caribou. Moreover, the regulation was an oversimplification and generalization of knowledge that is complex and situational. The worldview, variability, context dependence on local elders, and experiences caused a regional one-size fits all regulation like the one-week closure to be contested. The one-week closure did not address local and individual variations and social norms related to traditional knowledge of the let the leaders pass concept. However, the context-specific aspects of TEK alone did not preclude its use for management, rather social context, political issues, and an institutional misfit prevented it.
Changes in traditional authority systems, hunting technology, and the social organization of harvesting caribou affect the effectiveness of TEK approaches in a contemporary social setting
Hunting practice has become more individualistic (Barnhardt 2005) . Feldman (1997) suggests that traditional communityoriented authority systems have eroded. Elders interviewed echoed this assertion in terms of caribou hunting because there is no longer "one boss" organizing community hunts (phase one) and dissatisfaction among elders is ongoing because of unethical hunting within communities (phase four). Elders explain how the let the leaders pass rule was applied and respected under the traditional hunting authority system. Similar accounts tell how the collective caribou hunt was well coordinated with individuals having specific roles (Bali and Kofinas 2008) . Today, PCH hunters are not always subject to the judgment of their peers or the oversight of elders during hunts when carried out alone. The local Ecology and Society 19(2): 7 http://www.ecologyandsociety.org/vol19/iss2/art7/ initiative of the Fort McPherson traditional leader to address highway hunting issues proved to be limited in addressing problems with highway hunting (phase three). Hunters also have easier and faster access to caribou with trucks and all-terrain vehicles along the highway. The shorter, individual hunts, less oversight by traditional leaders, and easier access to caribou make up the modern hunting context. Let the leaders pass TEK was incorporated into management outside of its traditional enforcement context, community-led hunts. TEK inspired the let the leaders pass policy in the context of adapting to modern hunting. It was not enforced in the context of social hunts, nor was it applied in the context of ensuring people's immediate survival. Letting leaders pass was traditionally used to ensure harvest by letting caribou settle in an area. The one-week closure to let the leaders pass was concerned with conservation of the PCH and an effort by elders to promote ethical hunting, whereas maximizing harvest was not central to the policy (although letting caribou settle in the area may lead to higher harvest).
We argue that the modern hunting context created a barrier to applying the traditional notion of letting leaders pass. Unlike the traditional use of letting leaders pass, the formal agency enforceable regulation was not highly flexible, because the oneweek closure did not call for hunters' judgment during every hunt as to which caribou are the leaders of the herd. Indigenous hunters rely on TEK to guide their own hunts and decide during the hunt whether leaders have passed. At the same time, the effectiveness of elders' informal enforcement of letting leaders pass at a broad scale is limited because of the modern individual hunting context. In addition, the government agency is limited with First Nation rights through land claims. Thus, a formal regulation, even if based on TEK, is insufficient to ensure broad compliance with management plans or ethical hunting practice.
The Yukon Government, following the recommendation of the PCMB, has modified Dempster hunting regulations several times, fine-tuning them and trying to identify robust policies that would accommodate all user groups (Table 2) . Agrawal (1995) argued that TEK is ever changing, similarly to science, and thus not conserved indefinitely. TEK has two faces, one concerned with ancestral practice and another concerned with adaptation to the present and future (Berkes et al. 2000) . TEK is therefore not bound to the past, but is rooted in ancestral practices while incorporating aspects of modern societies (Stevenson 1996) . The revival of letting the leaders pass by local elders and the efforts to apply the concept through the PCMB management process show that TEK is adapting to modern hunting. Although the hunting closure to let the leaders pass did not last as an enforceable regulation, the renewed awareness of applying the traditional concept to highway hunting can be considered one step in the learning process.
Indigenous efforts toward self-government and political autonomy limit regional comanagement consensus in a heterogeneous cultural landscape
In the regulatory regime during this research, First Nation members have an indigenous right to hunt Porcupine Caribou, unless there is a conservation issue (Government of the Yukon Territory 2002). Collings (1997) argued that if political autonomy overrides resource availability concerns, there will be a lack of consensus among users. A single Dawson First Nation hunter legally challenged the no-hunting closure to let the leaders pass on the basis of inconsistency with his individual aboriginal right, based on the Tr'ondëk Hwëch'in (Dawson) First Nation land claims agreement (PCMB 2007) . The First Nation agreement of Tr'ondëk Hwëch'in First Nation, signed in 1998 and after other agreements were signed and implemented, may help explain this First Nation's high interest to assert political autonomy and counter the formal closure to let caribou leaders pass.
In the past, the Canadian PCMB enabled recognition of indigenous people's hunting rights and rights in wildlife management through the communications and recommendations of the PCMB. However, in the new context of settled land claims agreements and First Nations seeking to exercise their powers, there existed an institutional mismatch of the PCMB and the emerging indigenous self-governments. In the case of the let the leaders pass discontinuation, formal recognition of a First Nation through its land claims agreement enabled an individual to defend his indigenous hunting rights where a conflict arose with a PCMB recommendation. Dawson First Nation perceived Dempster Highway hunting regulations imposed by Yukon Territory Government to interfere with its recently acquired political and cultural autonomy through self-government.
Adding to the barrier associated with greater political autonomy is the representation problem in northern comanagement, which is well documented in other studies (Kofinas 1998 , Kruse et al. 1998 . The representation problem results from board members who typically do not view themselves as speaking for their communities or First Nations and thus, First Nations in turn do not feel represented by the comanagement board. This creates a communication disconnect in conveying the political position of First Nations during deliberations at board meetings.
Intercommunity conflict in the context of Dempster Highway hunting, in addition to an intergenerational divide between elders and younger hunters within communities, contributed to noncompliance and members challenging the regulation. Elders in interviews expressed concern for younger generations' poor hunting ethics. Fort McPherson hunters historically received a bad reputation for highway hunting practices, whereas Old Crow hunters were most highly regarded as having retained their traditional practice. An effort resulted on the part of elders across communities to promote traditional hunting practices, with a focus on the Dempster Highway. Although younger hunters reported hunting according to elders' teachings, they were concerned with defending their individual indigenous rights in the face of government regulations. The historical context helps explain this perspective. After the construction of the Dempster Highway, the focus of managers was to limit indigenous hunting along the highway. Although indigenous hunters became part of the management process with the PCMB, some hunters were still cautious of formal management limiting their rights. When elders worked with the PCMB to create the hunting closure to let leaders pass, it was perceived by some younger hunters as an additional limitation on their indigenous rights, limiting also their ability to make the call when it comes to letting caribou leaders pass. Elders' efforts to improve younger generations' hunting practices was challenged by younger generations' desire to affirm their indigenous rights and perceived own good hunting practices.
Through land claims agreements, First Nation members were empowered to become managers, yet formal regulations recommended through comanagement still distinguishes users http://www.ecologyandsociety.org/vol19/iss2/art7/ from managers. The power of individuals to challenge decisions made through the comanagement process decreases the potential for durable formal regulations and compliance. Consequently, users may perceive the comanagement board as less valuable to advancing individual rights (Usher 1993) . Although TEK-based information may vary depending on the purpose and interests it serves, it is not neutral and can be used for political objectives (Wavey 1993 , Agrawal 1995 . PCMB management based solely on TEK exacerbated existing community-to-community conflict where there was a struggle between political autonomy and restrictive formal regulations viewed by the board as for the common good. In the following quote, a Dawson hunter forecasted the issue of compliance and intercommunity conflict. The use of formal TEK-only based regulation exposed local and regional heterogeneity of rules on caribou hunting. Ostrom (1990) found that the absence of locally derived rules and enforcement, such as lack of explicit recognition of land claims agreements and unwillingness to recognize the legitimacy of diverging interests in a heterogeneous region are institutional weaknesses that can lead to institutional failure and ecological and social degradation. The need for explicit recognition of locally specific indigenous rights and government through land claims agreements created an additional barrier because indigenous people are not homogenous in their traditional hunting practices. As a result, hunters resisted and contested regulations and enforcement that limited indigenous rights in the context of efforts toward political autonomy. Although some have argued that traditional knowledge is not compromised and still fully practiced with younger generations (e.g., Sherry and Myers 2002) , others argue that older elders are the only members of the society left with the "original" traditional knowledge (Davis and Wagner 2003) . As Barnhardt (2005) noted, researchers prefer capturing the knowledge of elders because the knowledge of younger generations is regarded as eroded. The PCMB likewise relied on elders' knowledge of caribou leaders to derive a widely applicable highway hunting regulation. Padilla (2010) found that elders' descriptions of caribou leaders were richer when compared with younger hunters' versions. However, the ecological knowledge of elders varied locally (Padilla 2010) . Younger Dawson First Nation hunters in our interviews perceived the one-week closure as mismatched with their own elders' teachings, and therefore did not recognize it as legitimate.
Don't attack a person that doesn't go under YTG [Yukon
The mismatch of agency enforcement of hunting regulations and TEK-based education is problematic
The focus on enforcing this regulation regionally may have overshadowed the educational potential of letting the leaders pass. Some argue that conservation laws erode the social power of elders and place elders in an inferior social position (Phuthengo and Chanda 2004) . Moller et al. (2004) emphasized the use of traditional knowledge as an educational tool to promote sustainable harvest, and not produce prohibiting laws. Likewise, some authors caution against regulating based on TEK, and focus on gathering information and educating (Wavey 1993 , FernandezGimenez et al. 2008 . During the PCMB Dempster Highway Workshop (1996) , elders urged for revival of traditional hunting practices. Elders interviewed for this study warned that the younger generation is no longer following traditional knowledge and practices properly. Elders thus pushed for the let the leaders pass concept to ensure continued availability of caribou, but also to bring youth back to traditional ways, addressing both conservation and social goals. This rationale and strategy emphasized the social role of elders as educators.
Elders are considered the best educators for hunting because they have the most knowledge acquired throughout their lifetime (Hart 1995) . Fernandez-Gimenez et al. (2008) suggested that elders favor education over formalized hunting rules. Educating youth about TEK or traditional hunting practices, however, does not necessarily match modern practices but emphasizes values that were continually important to people's survival in the past (Barnhardt 2005) . The effort to bring the let the leaders pass rule to the forefront of management discussions was an educational effort. Elders hoped to improve hunting practice along the highway. They addressed concerns of keeping caribou in the area/ avoid deflecting the herd from wintering grounds. In our interviews, 83% of the respondents agreed that caribou leaders existed and described them according to hunting practice (Padilla 2010) . However, the formal hunting closure was not well received by all indigenous hunters. The hunter interviewed below describes the confusing aspect of managing resource use through comanagement boards and government-initiated regulations rather than elders' education. Although the one-week closure was primarily based on a broad definition of caribou leaders derived from elders' knowledge, it did not actively engage elders in implementing the let the leaders pass rule locally. Thus, elders blamed poor hunting practices along the Dempster Highway on the lack of education, while management focused on enforcement of the let the leaders pass regulation.
Ecology and Society 19(2): 7 http://www.ecologyandsociety.org/vol19/iss2/art7/ CONCLUSION The case of regulating for letting the leaders pass policy illustrated how the use of TEK, like science-based management of an earlier era, interfered with subsistence hunting and created a level of intercommunity conflict, lack of compliance, and no long-term solution to a specific wildlife management concern. The one-week closure did not address local and individual variations and social norms aspects of the let the leaders pass concept. Some hunters perceived Dempster Highway hunting regulations imposed by Yukon Territory Government to interfere with recently acquired political autonomy through self-government.
Based on the findings of this case study, we make the following suggestions for future comanagement. Firstly, comanagers should be attentive to the differences in informal customary hunting traditions and formal rules that carry the force of law. Comanagers also need to ensure that recommendations generated by a comanagement board have the full support of stakeholders that share authority in resource governance. Where there is limited consensus, more consultation may be needed before regulatory actions are taken. This suggestion also comes with the acknowledgement that protracted conflict and inaction over a long period may in some cases threaten the ecological sustainability of a resource. Moreover, comanagers should find ways of supporting the role of elders in education and oversight of hunting activities. Finally, all parties should hold open discussions about the similarities and differences in their perspectives on traditional hunting practices, e.g., what is a caribou leader, to avoid or at least recognize conceptual ambiguity.
Hunters and wildlife managers perceived a dual benefit of the let the leaders pass policy: (1) ensuring availability to caribou by hunters, and (2) minimizing disturbance to herd migration, as well as promoting maximum use of the winter range by caribou. Ironically, an unintended consequence of letting leaders pass may be an increase in total harvest levels. Although deflecting caribou could lower harvest, other issues such as population effects of selectively eliminating leaders could also be problematic (Padilla 2010 ).
Although at some levels the implementation of the TEK-based regulation through comanagement can be viewed as a failure, it can also be understood as one step in an on-going social learning process of experimentation and adjustment based on experience. What appears to be a failure to find a workable solution to Dempster Highway hunting issues throughout the PCMB's history is at least in part the result of social-ecological change and an effort to adapt through the comanagement process. Indeed, wildlife management approaches need to be flexible, allowing for changes in strategies to reflect the ever-changing and adapting qualities of TEK and the social conditions in which they are embedded. The PCMB has encountered many challenges to its proposed strategies over the years. Nevertheless, the organization has succeeded in experimenting with new recommendations, learning from its experience, and moving on to implement new strategies, including rethinking its core functions as a comanagement board. The barriers to letting the leaders pass should be seen as a door to adaptation and innovation for more effective future management of hunting on the Dempster Highway.
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